Background Few women have ascended the professional-academic ladder to become chairs of German neurosurgical departments. Indeed, only 2 out of 36 current departmental heads are female. This study aims to assess the current representation and role of women in German neurosurgery and to identify indicators of how these aspects will progress. Methods National statistics concerning the gender distribution of neurosurgery specialists over the past 20 y and the gender distribution across DGNC (Deutsche Gesellschaft für Neurochirurgie -German Society of Neurosurgery) membership grades from 2016 to 2018 were obtained from the Federal Statistical Office and the DGNC, respectively. Additionally, the programmes of DGNC annual meetings from 2015 to 2018 were evaluated to determine the number of presentations and speaking time awarded to male and female presenters. Results In 2017, 19% of neurosurgical specialists were female. In the same year, overall 13% of the members of the DGNC were female. There were a higher proportion of females among extraordinary members. In the last 4 y, females were overall responsible for less than a third of presentations at the annual DGNC meetings. There was also a decrease of female participation from 2015 to 2018, with regard to both overall amount of presentations and speaking time. Female participation was overall higher for presentation types typically associated with lower academic and clinical positions and which cover shorter speaking times. Conclusions In Germany, which has one of Europe's largest neurosurgical communities, female neurosurgeons remain a minority. Structured programmes to support gender equality and diversity could facilitate the rise of women to senior positions and close the gender gap.
Introduction
Gender inequality remains present in most of today's work environments. Studies across various types of companies show that female representation gets lower the more senior and influential positions are. Data from 2018 suggests that globally the proportion of senior roles in companies held by women is 24%. CEO (Chief Executive Officer) positions are even less commonly held by females [7] . The Forbes Fortune 500 list of 2018 states that only 5% of the 500 largest US corporations have female CEOs [1] . In medicine and in neurosurgery in particular, there appears to be a similar situation. While in most western countries, the proportion of male and female medical are even; most university chairs in medicine are held by men [9, 10, 17, 19, 20, 24] . In Germany, for example, 60% of German medical school graduates are female, but only 10% of leading positions in university hospitals are held by women [4] .
When looking at neurosurgery, we find an even more critical situation: currently, 2 out of 34 (6%) German university chairs for neurosurgery are held by women, Bochum and Dresden [4] . A number of reasons for this situation have been proposed: Are there differences in behavioral patterns which make men "natural leaders"? Do women refrain from positions which high workloads in favor of family-friendly working hours? Do men prefer other men and assist them in reaching influential positions? Are women less interested in networking? [4, 25, 27] .
One of the key components of neurosurgery as a specialty are conference meetings. They are important platforms for both improving clinical care andeven more so for networking and personal profiling. Conference meetings are a mirror of the culture and developments within a medical field. About two thirds of neurosurgeons (both board-certified and trainees) are members of the DGNC (Deutsche Gesellschaft für Neurochirurgie -German Society of Neurosurgery), Europe's largest national neurosurgical society. The DGNC holds annual meetings in varying German-speaking locations. These meetings are usually attended by more than 1000 people, and there are different sessions including invited presentations (e.g., plenary sessions, keynote sessions) and abstract presentations (e.g., oral abstract presentations and poster sessions). We consider female representation at these meetings a useful indicator to evaluate standing and impact of women within the field of neurosurgery.
The aim of this study is to explore the current position of female neurosurgeons in Germany, with a special interest in their representation at the annual meetings of the DGNC.
Methods
Statistics stating gender distribution of neurosurgeons in Germany from the last 20 years were obtained from the federal agency of statistics. In addition, current numbers of female and male board-certified specialists in the general surgery, trauma and orthopedic surgery, ENT, and gynecology were obtained. Furthermore, statistics regarding membership status and gender distribution of DGNC members from 2016 and 2018 were requested from the society's secretariat. Furthermore, presentations at the annual DGNC meeting from 2015 until 2018 were evaluated with respect to gender distribution. We recorded the type of presentation (plenary session, keynote session, oral presentation, or poster presentation) and the estimated length of the talk as indicated in the printed programme. In addition, we evaluated the number of female and male members of the programme organization committee and the session chairs. Furthermore, recent scientific programmes of the annual meetings of the sections within the DGNC (which represent the subspecialties within the field of neurosurgery) were downloaded from the respective websites and evaluated with respect to gender distribution. If scientific programmes were not available online, the chairman/chairwoman of the section was contacted.
Please note that federal statistics and DGNC membership statistics only listed female/male. Gender of presenters at DGNC was estimated by common use of names or if the presenter was personally known to the authors, by pronoun which the presenter utilizes for themselves. Genders other than female/male were therefore not considered in this study.
For statistical analysis, Fisher exact test was applied.
Results
The number of female board-qualified neurosurgeons in Germany has almost doubled between 2010 and 2018 from 286 to 496. However, females remain a minority and make up for as little as 19% of all board-qualified neurosurgeons in 2018 (a relative increase of 4% since 2010). (Please refer to Table 1 for information on the amount of female and male board-certified neurosurgeons from 1993 until 2007. Numbers obtained from www.gbe-bund.de.) In 2016, 13% of members of the DGNC were female. There was a slight increase to 15% in 2018. In a subset from 2016, we found that only 11% of full members (membership open to board-certified neurosurgeons only) were female, while 24% of so-called "extraordinary members" (membership open to trainees). In 2018, 12% of full members were female, while 27% of extraordinary members were female.
From 2015 until 2018, there has been a relative decrease of females that were part of the programme organization committee of the annual DGNC meetings: from 13% to 8%.
Females were overall responsible for less than a third of presentations at the annual DGNC meetings. Figure 1 depicts the proportion of female speakers by type of presentation. There was also a decrease of female participation from 2015 to 2018, with regard to both overall amount of presentations and speaking time ( Table 2) .
Female participation was significantly higher in presentation types which are based on abstract submissions and which cover shorter speaking times (p < 0.05). On average, 34% of poster presentations, which typically cover 5 min of speaking time, were given by women. Oral presentations, which typically cover 10 min of speaking time, were given by women in 28% of cases on average. Keynote lectures and plenary session lectures are typically presented by invited speakers. They usually last more than 10 min. Between 2015 and 2018, 4% of these lectures were held by women.
There was a slight increase of females chairing sessions: 9% in 2015 to 11% in 2018.
Scientific programmes of the annual meetings of eight sections within the DGNC were available. The female participation was lower in all of them than in the annual DGNC meetings: 2% to 24% of all presentations during the section meetings were held by women. The percentage of presentations by female speakers at each of these meetings can be found in Table 3 .
There is no skull base section within the DGNC. However, there is an interdisciplinary society of skull base surgery (DGS). Currently, 6% of this society's members are female.
Discussion
Trends from the last 10 years indicate that the number of female neurosurgeons is growing steadily. Still, females remain a minority in the field and account for only 19% of all board-qualified neurosurgeons. This number is comparable to general surgery (19% of board-qualified surgeons are female), cardiac surgery (19% females), and trauma/orthopedic surgery (15% females). There are higher numbers in ENT (36% of board-qualified surgeons are female) and gynecology (59% females). However, the percentage of board-certified female neurosurgeons in Germany exceeds the numbers of the USA and Great Britain/Ireland by far (7% and 5% board-qualified neurosurgeons, respectively) [5, 23] .
When considering that 19% of all board-qualified neurosurgeons are female, yet only 12% of full DGNC members are female, it seems that women are underrepresented in the German national neurosurgical society. This is a critical point. The DGNC is a powerful society, so participation is crucial for making decisions in the field that do not only influence patient care but also project funding, clinical positions, etc. The DGNC as a network supports its members. Strong female participation is needed to support female neurosurgeons' interests and to shape the individuals' careers.
Surprisingly, when compared to the relative proportions of board-certified neurosurgeons and DGNC members, females were marginally overrepresented at recent annual meetings of the DGNC. Still, there was an uneven distribution between the various types of presentations, and females were less likely to give presentations which are typically associated with senior positions (e.g., plenary sessions or keynote presentations). The speaking time of women was distinctly shorter than that of men, and they were largely assigned to the less popular poster presentations. This indicates that males dominated the Table 1 Number of female and  male German neurosurgeons over  the last decades   Year  1993  1995  2000  2005  2010  2015  2016  2017   Female  40  71  118  198  286  436  464  496  Male  551  726  953  1278  1563  1933  2023  2097  Female/male Fig. 1 At the recent DGNC annual meetings, there was an uneven distribution of female first authors between the various types of presentations and females were significantly less likely to give presentations which are typically associated with senior positions (e.g., plenary sessions or keynote presentations; p < 0,05 in 2015, 2017, and 2018). Few sessions were chaired by women (overall < 10%). In all of the evaluated years, the programme organization committees mainly consisted of men presentations of the meeting. The fact that sessions were mainly chaired by men put them in the position of leading and moderating the discussions of presenters and audience. The programme organization committee of each year mainly consisted of men. Indeed, there is evidence that reviewers prefer papers written by researchers of their own gender [8] . In addition, a recent study which evaluated thousands of submissions to the Bill and Melinda Gates Foundation has found that women and men use different styles of writing and that men's submissions with a broad language receive higher scores. Therefore, even in blinded review, there appears to be a gender bias [13] .
On the other hand, it needs to be noted that a higher proportion of "extraordinary members" than of "ordinary members" were females, indicating that there is a higher proportion of women among the younger group of neurosurgical trainees. This also adds to the effect of higher female participation in sessions which are associated with lower clinical and academic standing. It will be important for these women to move up in the professional hierarchy and to engage in the DGNC society over the next decades in order to shape the society and its meetings.
The meetings of the various sections within the DGNC had only a small number of female speakers. They gave less than a quarter of all talks at each of these meetings. Highest female participation was to be found in the subspecialties of peripheral nerve surgery and vascular neurosurgery. Almost no female speakers were present at the endoscopic neurosurgery, neuronavigation, and intraoperative imaging meeting. It is probable that some subspecialties are more attractive to women than others. However, neurosurgical training in Germany is generalist, and even board-certified neurosurgeons will not necessarily subspecialize. Especially in non-university departments, which account for the majority of neurosurgical departments in Germany, there is little subspecialization among consultants. In sum, we cannot deduct any clear conclusions whether there are subspecialties that are more attractive to females than others from the limited data available.
Our findings indicate that currently there are many young females working in the field of neurosurgery who are not yet board-certified. In a non-biased work environment, these women will grow within their given academic and clinical environments, and then they will be represented in higher numbers in more senior positions at the DGNC meetings. However, a current survey by Wolfert et al. revealed that the majority of female neurosurgeons in the EANS (European Association of Neurosurgical Societies) acknowledge the persistence of the glass ceiling. The lack of female mentorship and the incompatibility of family and work life were highlighted as key issues in this study [26] .
Kaczmarczyk (Vice President of the Deutsche Ärztinnenbund) suggests that in order to obtain gender equality, female physicians need to improve their social networks to support each other [12] . The formation of a German society for female neurosurgeons, similar to Women in Neurosurgery Society (USA) or Korean Women in Neurological Surgery (South Korea), has been discussed. In addition, the Deutsche Ärztinnenbund (German association of female physicians) has supported the installation of programmes which support women in medicine such as excellence initiatives, junior professorships, or gender-guided research funds [3] . However, in the field of anesthesiology, where there is a similar gender inequity as in surgery, a recent study by Bissing et al. found that despite an increase in female anesthesiologists and grant funding for females over the last 20 y, the gender gap remains a serious issue when looking at professorship chairs or journal editors (i.e., influential positions) in the USA [2] . By creating societies, funding opportunities, and training programmes exclusive to women, gender discrepancies may be highlightedcontrary to the original intentions. Potentially, clearer career paths such as structured residency programmes with implemented research rotations leading to MD/PhD degrees in all academic training departments and standardized requirements for consultant positions rather than individual choices by In all section meetings, the percentage of presentations by female speakers was lower than in the annual meetings of the DGNC. Please note that in all cases the percentage of speaking time was less than the proportion of presentations. This is due to the fact that women were more likely to be authors of presentations with short assigned speaking times, e.g., poster presentations commonly were assigned 5 min per person, while keynote lectures were assigned 15 min per person. employers may allow for better career planning and fairer decisions for all candidates independently of gender (or ethnicity).
Another key point is the improvement of work environment and the implementation of functional social support systems which will allow for success in both work and family life. Improvement in these fields should not only support female neurosurgeons but improve overall neurosurgeons' performance and the quality of patient care.
Interestingly, a recent survey in a German tertiary referral center showed that not only 76% of women but also 62% of men report of harassment at the work place [11] . By applying stricter regulations on professional interactions and by making help more accessible, the work environment will be improved for all employees, regardless of gender. There should be a no tolerance policy for sexist, racist, or any other discriminatory behavior. All employees can distribute by highlighting discrimination and confronting colleagues who exhibit such behavior.
Family life and childcare is another important topic. In principle, in Germany, both parents are entitled to a total of 14 months of paid parental leave (65%-100% of average income, but only up to a maximum of 1800 €/month). This, in theory, allows for an equal distribution of the parental leave. In practice, still the majority of parental leave is taken by women. One possible reason may be the gender pay gap: the parent with the lesser income will stay at home to reduce financial loss. In many cases, this will be the mothers. Another reason may be that despite the legal gender equality, social customs and expectations foster an environment where women are expected to do the majority of the infant care, while men are expected to take only a minority of the parental leave. In fact, male neurosurgeons who will take equal time of parental leaves as their female counterparts may experience repercussions such as being held from operating or discriminatory comments. It is up to the current generation of young neurosurgeons with children to normalize equal childcare. This will allow women to return to their work place faster, and men will have the opportunity to become more involved with childcare than previous generations and to strengthen their relationship with their children. A 2008 study shows that involved fathering improves children's behavioral and cognitive development [21] . In addition, a functional system of day care for toddlers and older children is required. Currently, there is a lack of 273,000 nursery places in Germany [6] . Many kindergartens open at 6:30 a.m. or later, while work in neurosurgical departments starts at 7:00 a.m. Establishing equal conditions and functional childcare facilities will allow for full-time work and a high training standard in a dedicated specialty like neurosurgery.
In contrast, by structurally discriminating half of the population, talents and abilities are wasted. Studies in the fields of psychology and economics have found that diverse groups make better quality decisions and have a higher rate of novelty output [14-16, 18, 22] . It has been suggested that based on different experiences, perspectives, and approaches, diverse groups are better at problem solving and more thorough in their evaluation of evidence.
Conclusion
In Germany, which has one of Europe's largest neurosurgical communities, female neurosurgeons remain a minority. It should be one the core goals of the coming generation of neurosurgeons to implement a more diverse and gender equal work environment.
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